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1
MICRO-OPTIC VIEWING ARRANGEMENT

BACKGROUND OF THE INVENTION

The mvention relates to a micro-optic viewing arrange-
ment having a multiplicity of microfocusing elements that
focus 1n a target focal-plane and form a viewing grid. The
invention also relates to micro-optic representation arrange-
ments that have a micro-optic viewing arrangement accord-
ing to the invention, security elements for securing the
authenticity of data carriers that have a micro-optic viewing
arrangement according to the invention, and data carriers
that have a micro-optic viewing device according to the
invention. The mvention furthermore relates to a method for
manufacturing the micro-optic viewing arrangement and a
method for manufacturing data carriers having the micro-
optic viewing arrangement according to the mvention.

Data carriers, such as value documents or i1dentification
documents, bank notes, deeds, checks, but also other objects
of value, such as branded articles, are often provided for
safeguarding purposes with security elements which permait
a check of the authenticity of the data carrier and which at
the same time serve as protection from unauthorized repro-
duction. The security elements can be configured {for
example 1n the form of a security thread embedded 1n a bank
note, a window security thread, a cover foil for a bank note
with a hole, an applied strip or a self-supporting transier
clement, such as a label, which 1s applied after i1ts manu-
facturing to the value document. For the purposes of the
present 1nvention, by a value document there are to be
understood also security papers, security papers constituting,
a precursor to a value document not yet fit for circulation.

A special role has been played here for some time by
security elements having optically variable elements which
convey different pictorial impressions to the viewer from
different viewing angles, because optically varnable ele-
ments cannot be reproduced even with high-quality color
copiers. For this purpose, the security elements can be
equipped with security features in the form of optically-
diffractively active microstructures or nanostructures, for
example with embossed holograms or other hologram-like
diffraction structures. However, such structures are more and
more used also for purposes other than security applications,
which 1s why their value as security features has gone down,
because they are often rather perceived as a design feature
and receive little attention.

It has also been customary for some time to use lens
systems as security features. For example 1n the print EP 0
238 043 A2 there 1s described a security thread made of a
transparent material having embossed on 1ts surface a grid
comprising a plurality of parallel cylindrical lenses. The
thickness of the security thread 1s chosen such that 1t
corresponds approximately to the focal length of the cylin-
drical lenses. A printed picture 1s applied in exact register to
the opposite surface, the printed picture being designed with
consideration of the optical properties of the cylindrical
lenses.

A more striking variant are so-called moire magnification
arrangements. Such a moiré magnification arrangement 1s
disclosed 1n the print WO 2006/087138 Al. The security
clement disclosed therein has at least a first and a second
authenticity feature. The first authenticity feature here com-
prises a lirst arrangement with a multiplicity of focusing
clements which are present in a first grid, as well as a second
arrangement with a multiplicity of microscopic structures
which are present 1n a second grid. The first and the second
arrangement are arranged relative to each other such that the
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microscopic structures of the second arrangement are to be
seen magnified upon viewing through the focusing elements
of the first arrangement.

The basic mode of function of moiré magnification
arrangements 1s described in the article “The moiré magni-

fier”, M. C. Hutley, R. Hunt, R. F. Stevens and P. Savander,
Pure Appl. Opt. 3 (1994), pp. 133 to 142. Very briefly, moire
magnification designates the phenomenon which occurs
upon viewing a grid comprising identical picture objects
through a lens grid with approximately the same gnd
dimension. As with every pair of similar grids, there results
here a moire pattern consisting of a periodic arrangement of
magnified and, where applicable, rotated images of the
clements of the picture grid.

Further micro-optic magnification arrangements of the
moire type are described in the applications DE 10 2007 029
203 A1 and WO 2009/000529 A2 described, and so-called
modulo magnification arrangements are described in the
applications WO 2009/000527 Al and WO 2009/000528
Al. All these micro-optic magnification arrangements con-
tain a motif picture with microstructures which reconstructs
a specified target image upon viewing with a suitably
coordinated viewing grid. As explained more precisely n
the above-mentioned prints and applications, there can
thereby be produced a multiplicity of wvisually attractive
magnification effects and movement eflects which lead to a
high recogmition value and a high forgery resistance of the
security elements or value documents equipped therewith.

In the known moiré magnification arrangements (moire
magnifiers) the picture to be represented consists of 1ndi-
vidual motifs which are periodically arranged 1n a grating.
The motif picture to be viewed through the lenses represents
a version of the image to be represented, which version 1s
greatly reduced 1n size, the area assigned to each single
motil maximally corresponding approximately to a lens cell.
Due to the smallness of the lens cells, only relatively simple
structures come 1nto consideration as single motifs. In
contrast thereto, 1n “modulo mapping” the target 1mage 1s 1n
general a single 1mage, 1.e. it need not necessarily be
composed of a grating of periodically repeated single motifs.
The target image can represent a complex single image with
high resolution. In modulo magnification arrangements,
there is not necessarily involved a moire effect, and it need
not necessarily be a magnification. Rather, the term “map-
ping’ refers to arbitrary imagings.

It 1s often desirable to equip micro-optic representation
arrangements on their upper side, 1.e. the lens side, with
coatings which fulfil a given function, for example with
dirt-repellent coatings and/or with adhesive layers.

In particular heavily used value documents such as bank
notes are often equipped with dirt-repellent coatings so as to
prolong their period of circulation. If a bank note or any
other value document has a micro-optic representation
arrangement, for example a moire magnifier or a modulo
mapping arrangement, 1t 1s, of course, desirable to coat also
this arrangement, because 1t would otherwise become more
solled than the rest of the bank note.

However, micro-optic representation arrangements only
provide a sharp imaging, when the microstructures to be
imaged are located exactly 1n the focal plane of the lenses or
of the any other microfocusing elements. An over-coating of
the lenses, for example with a dirt-repellent coating, leads to
a deterioration and 1n the worst case to a destruction of the
optical etlect, because the focal distance (focal length) of the
microfocusing elements changes through the over-coating,
and thus the microstructures no longer lie exactly 1n the focal
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plane of the microfocusing elements: the 1maging becomes
unsharp or can even completely “disappear”.

A similar problem occurs upon embedding window secu-
rity threads having micro-optic representation arrangements.
The window security threads have on their upper side, the
lens side, regions that are not covered by paper (window),
and regions that are covered by paper. In the window regions
a dirt-repellent coating should be advantageously provided,
while in the covered regions an adhesive layer should be
provided, in order to bond the thread to the paper regions
resting thereon. Without bonding the paper bars lying above
the thread may easily lift from the thread and can thus be
quickly damaged.

It 1s basically possible to perform a coating of the focusing
clements with adhesive 1n the regions of a security thread
that are covered by paper bars, because the thread 1s not
visible 1n these regions and a deterioration of the optical
cllect 1s therefore irrelevant. In practice, however, 1t is
hardly possible to selectively coat with adhesive only those
regions of a security threads that are later hidden under paper
bars. Furthermore, 1t 1s hardly possible 1n practice to selec-
tively leave out given partial regions, such as the window
regions of a window security thread, when a bank note 1s
finally equipped with a dirt-repellent coating. Therefore, one
has to decide whether one does without a bonding of the
window security thread to the paper bars lying above the
thread and/or without equipping 1t with a dirt-repellent
coating, or whether one accepts a deterioration of the optical
quality of the thread by over-coating the lenses.

SUMMARY OF THE INVENTION

It 1s therefore the object of the present invention to avoid
the above-stated problems of the prior art and to provide
micro-optic viewing arrangements for micro-optic represen-
tation arrangements such as for example moirée magnifiers
and modulo mapping arrangements, which on their upper
sides are equipped with one or several functional coatings,
but nevertheless provide sharp imagings of the microstruc-
tures to be mmaged. Functional coatings are in particular
coatings that make possible a bonding, such as coatings that
guarantee a protection against soiling and/or scratching.

It 1s also the object of the present invention to provide
micro-optic representation arrangements that have a micro-
optic viewing arrangement equipped with a functional coat-
ing, security elements for securing the authenticity of data
carriers that have a micro-optic viewing arrangement
equipped with a functional coating, and data carriers that
have a micro-optic viewing arrangement equipped with a
functional coating.

It 1s furthermore the object of the present mvention to
provide a method for manufacturing a micro-optic viewing,
arrangement equipped with a functional coating and a
method for manufacturing data carriers that have a micro-
optic viewing arrangement equipped with a functional coat-
ng.

These objects are achieved by the method for manufac-
turing a micro-optic viewing arrangement having the fea-
tures as stated in claim 1. A micro-optic viewing arrange-
ment, a micro-optic representation arrangement, a security
clement, a data carrier and a method for manufacturing data
carriers are stated 1n the independent claims. Advantageous
configurations of the invention are subject matter of the
dependent claims.

According to the mmvention, a generic method has the
following steps:

10

15

20

25

30

35

40

45

50

55

60

65

4

manufacturing a grid-shaped arrangement of base bodies
in the form of microfocusing-element preforms, and

forming supplementary bodies on the base-body gnd, or
at least on a partial region of the base-body grid, which
partial region extends over several base bodies, by
coating the base-body grid with at least one coating,
wherein the supplementary bodies supplement the base
bodies 1nto the microfocusing elements having the
specified target focal length.

The basic 1dea of the present invention consists therefore
in 1integrating the desired functional coatings 1nto the micro-
focusing elements, 1.e. to configure the microfocusing ele-
ments as composite bodies which have the desired func-
tional layer as a component of the composite body. The focal
point or the focal length of the microfocusing composite
clement results from a combination of the properties of the
finished composite body, 1.e. of the composite microlens 1n
the state 1n which 1t 1s present on the finished data carrier fit
for circulation.

In a micro-optic representation arrangement, the micro-
focusing elements of the micro-optic viewing arrangement
must have a given focal distance (target focal length), n
order to guarantee a sharp imaging of the microstructure
clements to be represented. So as to avoid that functional
coatings change the target focal length and thus lead to an
unsharp 1maging, upon the manufacturing of a micro-optic
viewing arrangement according to the mvention one starts
out from a preform of a micro-optic viewing arrangement,
1.e. from a micro-optic viewing arrangement whose micro-
focusing elements have a “wrong” focal length or whose
clements have no focusing eflect at all. The microfocusing
clements are hereinatfter also referred to as “microlenses”.

The microlenses preforms only obtain the final form of a
properly functioning microlens through the coating, 1.¢. they
constitute base bodies which are supplemented through the
coating, or also through several coatings, into a properly
functioning microlens. In accordance with a special varant
of the present mvention, the microlenses only obtain their
final form 1n the course of the incorporation ito a value
document, thereby ensuring that the functionality of a
micro-optic representation arrangement as a security feature
1s guaranteed at the right time, namely at the time of
finishing the product to be secured.

The preforms of the micro-optic viewing arrangement, 1.€.
grid-shaped arrangements of base bodies, in particular
microlens base-bodies, can be manufactured as 1t 1s known
in the prior art for micro-optic viewing arrangements, for
example by means of the techniques disclosed mm WO
2006/087138 Al for micro-optic viewing arrangements, or
according to the methods known from the German patent
application 10 2006 029 852 Al.

The known methods for embossing 1nto thermoplastic
foils or into foils coated with radiation-curing lacquers are
particularly suitable for manufacturing large areas of micro-
lens-arrangements, or 1n the present case for manufacturing
microlens base-bodies arrangements. For example transpar-
ent plastic foils such as PET are suitable foils, the foil
thicknesses preferably being less than 50 um, particularly
preferably approximately 5 to 25 um. A suitable microlens
base body can also be manufactured using photoresist mate-
rials, as will be explained below.

The preforms of the micro-optic viewing arrangements
according to the mvention therefore constitute in particular
orid arrangements of microlens base-bodies, whereby the
microlens base-bodies need not have a lens form that 1s
suitable for micro-optic representation arrangements, but
can have such a lens form, 1.e. they can be properly focusing
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lenses, but only with a useless focal length. All grid sym-
metries are suitable that are also applied for micro-optic
viewing arrangements of the prior art, and also the form and
dimensions of the finished composite lenses of the micro-
optic viewing arrangements according to the invention cor-
respond to the usual forms and dimensions, 1.e. the finished
composite lenses are for example spherical, aspherical,
clliptical, or cylindrical and have diameters 1n the range of
about 10 to 25 um. Elongated lenses such as cylindrical
lenses, of course, can have much greater dimensions 1n the
longitudinal direction. The arrangement of the finished
microlenses 1n the grid 1s as area-covering as possible, in
order to guarantee a good 1maging. So as to obtain a lower
structure height, the fimshed composite lenses can also be
formed by Fresnel lenses.

The microlens base-bodies can have substantially the
same form as the finished microlenses, but they do not have
to. For example, the base bodies can be spherical, while the
finished microlenses are aspherical. The base bodies advan-
tageously have smaller dimensions than the finished micro-
lenses, 1.¢. 1n the grid arrangement there are grater interstices
between neighboring base bodies, which are only closed in
the course of the supplementing of the base bodies into the
finished composite lenses.

In particular, the microlens base-bodies have not the
desired target focal length. They only obtain this through the
supplementary coating and the associated change of their
form.

For manufacturing a micro-optic viewing arrangement
according to the invention, advantageously one starts out
from a grid arrangement of microlens base-bodies, whose
radi1 of curvature, 1n particular at the basis (1n the region in
which the base bodies are connected with the carrier or
merge 1nto 1t), are too small for achieving the desired target
focal length, and which are arranged in a grnd having
interstices between the base bodies that are slightly (ap-
proximately 1 to 3 um) greater than desired for the finished
microlenses. Furthermore, the base body must of course be
located at the same positions in the grid at which later the
finished microlenses are to be located. In particular, the base
bodies must be arranged 1n such a way that the focal points
of the later microlenses are located at the right place not only
vertically but also laterally.

The coating 1s carried out, by the desired coating agent,
for example a heat-sealable adhesive or a dirt-repellent
lacquer, being applied onto the base-body grid arrangement
by a suitable coating method. The application methods are
not limited in any way, and 1n particular spraying methods,
spread coating methods and printing methods, such as for
example gravure printing, oflset printing and flexographic
printing, come nto consideration.

Upon the application of the coating, this spreads not
evenly, but accumulates 1n particular 1n the grid interstices.
In order to avoid that the grid interstices are filled up and a
more or less planar surface 1s obtained, which would destroy
the desired optical eflect, the coating agent must not be
applied 1n too large quantities. By a suitable choice of the
quantity and viscosity of the coating agent 1t can be achieved
that the base-body grid arrangement 1s covered completely
but unevenly. Advantageously, there accumulates signifi-
cantly more coating agent in the interstices between the base
bodies than on the surfaces of the base bodies. According to
a preferred configuration, from a base-body lens grid there
1s formed a composite-body lens grid, wherein the compos-
ite-body lenses substantially reproduce the form of the
base-body lenses, but also change it, wherein the change
varies locally and 1s the stronger the closer the viewed place
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1s located to the lens basis. At the lens edge or at the lens
basis the composite-body lenses can have for example a
significantly larger radius of curvature than the base-body
lenses, and the edges of the composite-body lenses can have
a smaller spacing to each other than the edges of the
base-body lenses.

In summary, the micro-optic viewing arrangement with
composite-body lenses according to the invention has the
same number of lenses at the same positions as the base
bodies of the base-body grid, but the composite-body lenses
have a greater area coverage, are 1n general flattened com-
pared to the base bodies, and focus—insofar as the base
bodies already had a focusing effect—in a different focal
plane than the base bodies.

The extent of the shift of the focal plane depends on
several factors, 1n particular on the form, material, and
refractive index of the base-body lenses, on the form,
material, and refractive index of the supplementary coating,
1.¢. substantially on the matenal, viscosity and flow prop-
erties of the coating composition, and on the application
conditions, for example the kind of application method and
the temperatures. It may therefore, at first glance, seem to be
extremely complex to coordinate all the factors 1n a suitable
manner so as to obtain 1n the end a micro-optic viewing
arrangement with appropriately focusing composite-body
lenses. In fact, however, the manufacturing of desired com-
posite-body lenses 1s surprisingly simple. There cannot be
stated a generally valid formula which takes into account all
the factors and leads to the desired focal lengths when the
corresponding conditions are fulfilled, but 1n each individual
case one must rather proceed empirically. However, 1t 1s
normally possible to reach the desired result 1n each 1ndi-
vidual case with the aid of only few tests, by proceeding as
follows:

Some parameters are fixed from the start or are variable
only to a limited extent. Typically, the desired coating
material 1s fixed, for example a polyamide (for forming an
at the same time heat-sealable and dirt-repellent coating), as
well as the desired raster geometry. A person skilled 1n the
art will therefore manufacture for example a corresponding
lens-base-body grid of usual materials with base-body lenses
of somewhat smaller dimensions (smaller radi1 of curvature)
than that of the desired composite-body lenses. On the basis
ol his technical knowledge he can at least roughly estimate,
which materials and forms could be suitable. In a simple
variant, for the base-body lenses there 1s chosen a material,
whose refractive index 1s as similar as possible to the
refractive index of the coating material. Then the coating
material 1s dissolved, 1n the case of a polyamide for example
in a binary solvent mixture such as ethanol/toluene, applied
onto the base-body-lens grid arrangement, and after the
drying there 1s finally determined the focal length of the
obtained composite-body lenses.

If the focal length 1s still too short, the viscosity of the
coating agent can be reduced, for example through a larger
amount of solvent or in the case of solvent-free coating
compositions through a rise in temperature. As a result,
relatively more coating material accumulates at the lens
basis and relatively less coating material at the upper side of
the lens. A greater flattening 1s achieved, which leads to an
enlargement of the focal length.

When composite-body lenses having an excessive focal
length are obtained through the application of the coating,
the procedure 1s accordingly reversed.

Additionally or alternatively, also the applied amount of
coating can be varied. Very small applied amounts prefer-
ably accumulate 1n the interstices between the base bodies,
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while with increasing applied amount also the surfaces of
the base bodies are covered to an overproportional extent. Of
course, the applied amount must not be so large that the lens
form 1s “smeared up”. Within a certain range, one can say
that less large applied amounts lead to a greater shiit of the
focal plane.

As a further alternative, also the form of the base bodies
can be changed. With otherwise unchanged conditions (the
same coating material, the same viscosity of the coating
composition, the same applied amount, same application
temperature, etc.), base bodies that already possess a some-
what flattened form can yield, for example, a smaller change
of the focal length than nearly spherical base bodies. It a
desired coating material should have the tendency to always
more or less completely flow 1nto the interstices between the
base bodies 1nstead of partially adhere to the surfaces of the
base bodies, surface-moditying measures on the base bodies,
betore the coating 1s carried out, will help. Such measures
are, for example, a treatment with a primer and physical
pre-treatments such as corona treatment, plasma treatment,
flame treatment, wherein, where applicable, special process
gases such as for example hydrogen, nitrogen, carbon mon-
oxide, carbon dioxide, or silanes can be employed.

Alternatively or additionally, the preforms or base bodies,
from the start, can be manufactured to have a deliberate
roughness 1n order for the subsequently applied coating to be
better anchored. Furthermore, 1t 1s possible, for example
through a modification of the preforms on submicrometer
scale or through additionally embossed nanostructures on
and/or between the preforms, to exert an influence on the
spreading of the coating, for example through self-organi-
zation as a result of locally varying surface tension.

When the coating tends to adhere too strongly to the base
bodies, instead of flow more 1nto the interstices between the
base bodies, the base bodies or given regions of the base
bodies can also be equipped with a lotus structure, in order
to produce dithicult-to-wet surfaces. Such lotus structures
reduce the contact area between the base bodies and the
coating, so that the coating material practically cannot
adhere to the surface of the base bodies and tlows easier into
the 1nterstices.

Finally, there 1s also the possibility to take other materials
with other refractive indices mstead. But this 1s normally not
necessary. Rather, 1t 1s 1n most cases suflicient to change the
viscosity of the coating material or the applied amount of
coating material or the form (in particular the radn of
curvature) of the base bodies, 1n order to achieve the desired
result.

According to a special embodiment of the present inven-
tion, the base-body lenses are not manufactured directly,
such as by embossing mto thermoplastic lacquer or UV-
lacquer, but melted from base-body preforms. For this
purpose, a carrier fo1l 1s coated with a positive or a negative
photoresist material, covered in the regions not to be irra-
diated, irradiated and developed, that 1s to say, the 1irradiated
regions (positive resist) or the non-wrradiated regions (nega-
tive resist) are dissolved. The covering prior to the 1rradia-
tion 1s ellected such that, after the development, on the
carrier there remain cylinder structures, whose positions
determine the positions of the later lenses. These cylinders
are subsequently melted, thereby being formed small drop-
lets with spherical surface, which after cooling then yield
spherical lenses. By electroforming also a negative form can
be obtained therefrom, with which the lenses can then
alternatively be embossed for example into thermoplastic
lacquer.
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This method for manufacturing microlens arrangements 1s
often employed, but has some disadvantages. In order for
neighboring droplets to not flow together upon melting the
cylinders, the cylinders and thus the later lenses must have
a certain minimum spacing. Thus, only a partial region of the
total area 1s occupied with lenses 1 the end, which in
micro-optic representation arrangements leads to poor con-
trasts of the represented pictures. The contrast to be achiev-
able with a micro-optic representation arrangement 1s the
better, the smaller the distances between the lenses are. The
imaging properties are the best in a micro-optic viewing
arrangement that has an area-covering arrangement of lenses
contacting each other. Furthermore, the 1maging properties
of spherical lenses, as they are obtained with the above
method using photoresist materials, are poorer than the
imaging properties of aspherical lenses. Particularly advan-
tageous are the i1maging properties of aspherical lenses,
whose local radius of curvature increases from the lens
center, 1.e. the vertex of the lens, towards the lens basis. In
the micro-optic viewing arrangements according to the
invention, in which the spaced spherical lenses serve merely
as base bodies for composite-body lenses, the two disad-
vantages are remedied simultaneously. Through the supple-
mentary bodies, 1.e. the one or several coatings on the base
bodies, the interstices are significantly diminished, in the
ideal case to such an extent that the composite-body lenses
directly border each other, on the one hand, and through the
method of the invention aspherical composite-body lenses
are produced, because the coating accumulates compara-
tively more at the edges of the base bodies and thus the local
radius of curvature is enlarged in particular at the basis of the
base-body lenses, on the other hand. Such aspherical lenses
have for example the advantage that in a moire magnifica-
tion arrangement the 1maging remains sharp longer at larger
tilting angles.

The supplementary body, 1.e. that part of the composite-
body lenses, that supplements the base-body lenses into the
functioning composite-body lenses having the desired target
focal length, can be formed 1n one step or 1n several steps.
In particular, the supplementary body can be produced by
applying one single coating or by applying several coatings,
whereby the coatings can have the same or diflerent func-
tions. For example, there can first be applied a coating onto
the base-body grid arrangement, which coating contains
security features such as fluorescent particles or particles
with color-shift effect, or which 1s dyed, and onto that there
can then be applied a further layer such as a protective layer
or an adhesive layer. The desired 1imaging properties of the
composite-body lens, 1 particular the target focal length,
must be achieved through the totality of the coatings.

For improving the scratch resistance of micro-optic rep-
resentation arrangements or also for increasing the refractive
index of a coating, nanoparticles can be added to the
coatings. For example, silicon dioxide, zinc sulphide, zinc
oxide, zirconium dioxide, titanium dioxide and zinc sul-
phide. The particles should have a particle size of less than
100 nm, 1n order to avoid an unwanted light scattering.

According to a particular embodiment of the present
invention, the composite-body lenses only obtain their final
form, and thus their target focal length, upon the incorpo-
ration ol the micro-optic representation arrangement 1nto a
value document. That 1s to say, a security element with a
micro-optic representation arrangement according to the
invention need not necessarily provide a sharp representa-
tion, but merely be configured such that 1n the course of the
proper icorporation of the security element into a value
document, and, where applicable, further treatments of the
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value document, the composite-body lenses are changed
such that they obtain their target focal length and thus yield
a sharp representation. As examples there are to be men-
tioned a patch to be bonded on a value document and a
window security thread, which respectively have, according,
to the invention, micro-optic representation arrangements.

As already mentioned above, it 1s desirable to equip value
documents, such as bank notes, with protective coatings for
lengthening their period of circulation. These coatings
should expediently be applied at the very end of the manu-
facturing process, so as to protect also the security elements
of the value document. If now a patch with a micro-optic
representation arrangement according to the ivention 1s
used as a security element, the composite-body lenses
should only obtain their target focal length through the
application of the protective coating. This means that the
security element 1tself has a still incomplete security feature,
namely a micro-optic representation arrangement that
yields, due to a lacking or incomplete supplementary body
of the composite-body lenses, no sharp representation.

In case of a window security thread the additional prob-
lem arises, that 1t not only must be protected from soiling,
but also has to be bonded in certain places on the upper side
of the lenses to the paper. The upper side of the security
clement, that 1s the upper side of the lenses, must thus be
coated with an adhesive. Basically, there are two possibili-
ties. One possibility consists 1n employing an adhesive that
has exclusively adhesive properties, incorporating and bond-
ing the window security thread into the value document, and
then equipping the entire value document with a protective
coating. After the application of the protective coating, the
micro-optic representation arrangements visible 1n the win-
dow areas must provide a sharp image. Therefore, the
supplementary body, consisting of adhesive and protective
layer, must yield in connection with the base body compos-
ite-body lenses that provide a sharp image. In this case, the
supplementary body 1s composed of two layers.

The other possibility consists 1n employing an adhesive
that at the same time also possesses protective properties,
that 1s to say, 1s preferably dirt-repellent. In this case, it 1s
possible to first equip the value document with a protective
coating and to then incorporate the window security thread
into the value document. For such applications a heat-
sealable adhesive 1s preferably employed. In the process of
the heat sealing the adhesive melts and flows not only 1nto
the regions to be bonded, but also into the window regions,
so that the adhesive coating changes its form, which in turn
leads to a change of the focal length of the composite-body
lenses. Accordingly, the window security thread 1s config-
ured such that only through the melting of the adhesive upon
heat sealing composite-body lenses are obtained that yield a
sharp 1mage. This security thread, too, 1s thus a security
clement having a micro-optic representation arrangement as
a security feature, which micro-optic representation arrange-
ment provides no sharp representation. A sharp representa-
tion 1s only obtained through the proper further treatment of
the security element (1n the present case bonding by heat
sealing).

Alternatively, 1t 1s also possible to equip partial regions of
a security element with different base bodies and/or different
supplementary bodies, or to equip partial regions of a
security element with “normal” lenses and other partial
regions with composite-body lenses of the invention. In
these cases 1t 1s necessary to apply the coating or coatings in
register to the position of the base bodies, which 1s more
claborate 1n terms of the method, but can cause particularly
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interesting eflfects. In this way, 1n closely adjacent regions
there can be achieved for example focusings in several
different focal planes.

The micro-optic representation arrangements according to
the 1mvention can also be “laminated in”, for example
employed as security features for fo1l composite bank notes,
in particular for foil composite bank notes 1n which a paper
substrate 1s laminated on one side or preferably on both sides
with a plastic foil. In the bank note, the micro-optic repre-
sentation arrangement 1s then covered by a plastic foil. For
laminating 1n, a solvent-iree adhesive 1s e.g. applied onto the
orid arrangement of the base-body lenses, and then a plastic
fo1l 1s connected thereto under elevated temperature. The
micro-optic representation arrangement of the employed
security element thus contains in this case merely the
base-body lenses. "

The temperature must be selected such
that the adhesive melts and flows such that below the top
polymer layer of the foil composite bank note there arise
cavities, which are enclosed on the top by the laminating foil
and at the bottom by the grid arrangement of the composite-
body lenses. It 1s advantageous to employ lenses with as
small a contact area as possible between composite-body
lens and plastic fo1l (polymer layer).

For manufacturing the supplementary bodies of the com-
posite-body lenses there can basically be employed arbitrary
coatings, but 1t 1s, of course preferred to employ coatings
which also fulfil a given function (functional coatings). The
functions “dirt repellence” and “heat sealability” are par-
ticularly preterred. There are also coating systems, which
are at the same time dirt-repellent and heat-sealable. The
coatings can at the same time also be employed as a carrier
for additional security features. For example, fluorescent
substances can be added. The coatings, of course, can also
be dyed.

Dirt-repellent coating systems are oiten based on poly-
acrylates or polyurethanes. Examples thereof are polyacry-
lates, as they are offered for example by Dianal America
Inc., e.g. BR-115, and polyurethanes produced of a polyester
polyol and a cross-linker on the basis of i1socyanate.

Heat-sealable coatings are for example methylmethacry-
late such as EX-8195 and EX-8196 (Coim S.p.A.).

Polyamides are particularly preferred. Polyamides are
used as melt adhesives and are known for being difhicult to
overcoat. They have good dirt-repellent properties, which
can be further improved by the addition of suitable additives
such as for example silicones and fluorosurfactants. If a
polyamide 1s to be employed only as an adhesive and
overcoated with an additional dirt-repellent coating, how-
ever, 1t 1s preferred to apply the surface of the polyamide
layer with a certain surface roughness.

In the following embodiment example 1t 1s shown, how
merely by testing different doctor knives upon the applica-
tion of the coating on base-body lenses there can be obtained
in stmple fashion functioning composite-body lenses. Three
different lacquers were tested. Zapon lacquer (Roth) on the
basis of nitrocellulose (very good tlow properties), Dynapol
[L.206 (Evomk) with 10% solid (a polyester resin with good
adhesion properties, also usable as heat seal lacquer) and
Laroflex MP45 (BASF) with 20% solid (a copolymer made
of vinyl chloride and vinyl 1sobutyl ether, good adhesion
properties, also usable as heat seal lacquer). All lacquers
were respectively applied onto the same grnid arrangement of
base-body lenses, whereby the layer thicknesses that can be
applied were 6 um (yellow doctor knife), 12 um (red doctor
knife) and 24 um (green doctor knife). Evaluated were the
imaging properties (sharpness, contrast) of the obtained

composite-body lenses. Here, “—-" means poor imaging
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properties, “O” satisfactory imaging properties, “+” good
imaging properties, and “++” very good 1maging properties.

As 1o be seen 1n the table, with the base-body lenses alone
there could not be obtained a good representation. Compos-
ite-body lenses with Zapon lacquer as supplementary bod-
1es, however, led to a very good representation both at layer
thicknesses of 12 um and 24 um. Composite-body lenses
with Dynapol L206 as supplementary bodies led to a good
representation in the case of layer thicknesses of 6 um and
12 um, and composite-body lenses with Larotlex MP45 as
supplementary bodies led to a very good representation with

a layer thickness of 12 um. The above statements respec-
tively refer to the wet-layer thicknesses.

TABLE

Dynapol L206  Laroflex MP45

Zapon lacquer (Evonik) (BASE)
Coating (Roth) 10% solid 20% solid
No —— —— ——
Yellow doctor O +
Red doctor ++ + ++

Green doctor ++ ——

The present invention thus primarily relates to micro-
optic viewing elements, whose microfocusing elements are
composite bodies with an integral functional coating, the
target focal length and the other imaging properties of the
microfocusing elements being only achieved by the func-
tional coating. These micro-optic viewing arrangements are
combined with microstructure arrangements, therefrom
resulting 1n a basically known manner micro-optic repre-
sentation arrangements, for example moire magnification
arrangements or modulo magnification arrangements.
Microstructure arrangements and their manufacturing are

basically known, for example from WO 2008/000350 Al.
Further methods are disclosed, inter alia, in DE 10 2007 007
914 Al.

A micro-optic representation arrangement forms, alone or
in combination with one or several other security features, a
security element. Security elements are applied to a value
document to be secured or incorporated into a value docu-
ment to be secured. Alternatively, the micro-optic represen-
tation arrangement can also be applied directly to a value
document to be secured or incorporated 1nto a value docu-
ment to be secured. Apart from value documents, of course,
also other objects, for example any data carriers, can be
secured.

With regard to diflerent embodiments of the micro-optic
representation arrangements, 1n particular with regard to the
orid arrangement of the focusing elements (microlenses) and
the microscopic structures (micromotii elements), with
regard to the geometrical shape of the microlenses and the
microscopic structures, with regard to layers and layer

sequences, and 1n particular also with regard to the achieved
ellects, reference 1s made to the prints WO 2006/087138 Al,

DE 102006 029 852 Al and DE 10 2005 062 132 A1, whose
disclosures are incorporated 1n this regard into the disclosure
of the present application.

The micro-optic representation arrangements preferably
have thicknesses 1n the range of about 20 um to 50 um, with
a carrier foil thickness 1n the range of 5 um to 25 um. The
diameters of the microfocusing elements and the diameters
of the microstructure elements preferably lie mn the same
order of magnitude and are about 10 to 30 um, preferably
about 10 to 25 um. The grid rulings of the arrangements of
microfocusing elements and microstructures preferably lie
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only slightly above the diameters of the microfocusing
clements. The extension of elongated cylindrical lenses and
clongated microstructure elements 1n the longitudinal direc-
tion 1s preferably more than 300 um, particularly preferably
more than 500 um, and 1n particular more than 2 mm.

BRIEF DESCRIPTION OF THE DRAWINGS

Hereinaftter, the present invention will be explained with
reference to some exemplary Figures. The depicted embodi-
ments are to be understood as strictly illustrative and by no
means restrictive. For clarity’s sake the Figures do not show
a true-to-scale or true-to-proportion representation. In par-
ticular, the lens curvatures and distances between lenses and
microstructures shown 1n the Figures do not indicate the lens
curvatures and distances between lenses and microstructures
actually present in real micro-optic representation arrange-
ments. The same reference numbers designate the same or
similar elements.

In the drawings there are shown:

FIG. 1 a schematic depiction of a bank note having a
window security thread and a bonded transier element,

FIG. 2 schematically the layer construction of a micro-
optic representation arrangement 1n cross section,

FIG. 3 schematically the layer construction of a micro-
optic representation arrangement with functional coating
according to the prior art in cross section,

FIG. 4 a depiction as 1n FIG. 2, depicted for the purpose
of direct comparison with the imtial and end product,
depicted 1n FIG. 5 and FIG. 6, of the method according to
the invention for manufacturing a micro-optic representation
arrangement according to the invention,

FIG. 5 schematically the construction of a micro-optic
representation arrangement, only with a viewing arrange-
ment of base-body lenses in cross section,

FIG. 6 a representation arrangement of the invention with
a viewing arrangement with composite-body lenses 1n cross
section,

FIG. 7A to 7C a manufacturing process of a micro-optic
viewing arrangement of the imnvention with base-body lenses
ol photoresist material, wherein

FIG. 7TA shows a grid arrangement of base-body-lens
preforms 1n cross section,

FIG. 7B a gnid arrangement of base-body lenses in cross
section, and

FIG. 7C a gnid arrangement of composite-body lenses 1n
Cross section,

FIG. 7D the grid arrangement of FIG. 7C 1n a plan view,

FIG. 8 a value document with micro-optic representation
arrangement of the mvention and laminated plastic foil 1n
Cross section,

FIG. 9 a value document with a window security thread
with micro-optic representation arrangement of the mven-
tion 1n cross section, and

FIG. 10 a micro-optic representation arrangement of the
invention with two microstructure arrangements and accord-
ingly focusing composite-body lenses in cross-section.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows a schematic depiction of a bank note 5 with
two security elements 6 and 8, wherein the security element
6 represents a window security thread, which emerges 1n
window regions 7 of the bank note 5, while 1t 1s embedded
inside the bank note 5 1n the interjacent areas. The security
clement 8 1s a bonded transier element of any arbitrary form.
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The security element 8 can also be configured in the form of
a cover foil, which 1s arranged above a window region or
through opening of the bank note. The security element can
be designed to be viewed 1n plan view or 1n transmission, or
to be viewed 1n plan view as well as 1n transmission. For foil
security elements that are to be attached above a through
opening also such representation arrangements are very
attractive in which on both sides of the microstructure
arrangement lens arrangements are provided.

Both the window security thread 6 and the transfer
clement 8 can contain micro-optic viewing arrangements of
the present invention, for example modulo magnification
arrangements or moire magnification arrangements.

FIG. 2 schematically shows the layer construction of a
micro-optic representation arrangement 3, as 1t can be con-
tained 1n a window security thread as well as 1n a transier
clement. Shown are only the parts of the layer construction
that are required for explaining the functional principle. In
the simplest case, the micro-optic representation arrange-
ment 3 at the same time 1s the complete security element.
The security element contains a carrier 30 1n the form of a
transparent plastic foil, for example a foi1l made of polyeth-
ylene terephthalate (PET) about 20 um thick.

The upper side of the carnier foil 30 1s provided with a
orid-shaped arrangement of microlenses 10 which on the
surface of the carrier foil form a two-dimensional grating
with a preselected symmetry, for example a hexagonal
symmetry or the symmetry of a parallelogram grating.

The spacing of neighboring microlenses 10 1s preferably
chosen as small as possible to guarantee as high an area
coverage as possible and thus a high-contrast representation.
The microlenses 10 can be for example spherical or aspheri-
cal and, with typical diameters in the range of about 5 to 50
um, cannot be recognized with the naked eye. The microl-
enses 10 and the carrier 30 together form a micro-optic
viewing arrangement 1 for wviewing a microstructure
arrangement 2.

The microstructure arrangement 2 1s arranged on the
lower side of the carrier foil 30 and has a motif picture
having microstructure elements or motif-picture elements 4
divided into a plurality of cells, whereby the microstructure
arrangement must be located 1n the focal plane F of the
microlenses 10, 1n order to ensure a sharp imaging. Accord-
ingly, the optical thickness of the carrer 101l 30 and the focal
distance or focal length of the microlenses 10 are mutually
coordinated such that the microstructure arrangement 2 1s
located approximately at the distance of the lens focal
distance. The carrier 30 thus forms an optical spacer layer
which guarantees a desired constant spacing of the microl-
enses 10 and the microstructure layer or motif layer 2 having
the motil picture. For achueving a magnification eflect, the
microstructure elements 4 respectively are located not
exactly 1n the focal point of the microlenses 10. Rather, the
orid arrangements of the microlenses 10 and the microstruc-
ture elements 4 are slightly oflset relative to each other. The
beam path of the light beams incident 1n parallel fashion on
the microlenses 10 and their focusing onto the microstruc-
ture elements 4 1s indicated with dashed lines.

FIG. 3 shows the same micro-optic representation
arrangement as FIG. 2, but with a functional layer 13, for
example a heat-sealable adhesive or a dirt-repellent coating.
The coating 1s designed as 1t 1s usual 1n the prior art, 1.¢. 1t
forms a nearly planar surface above the microlenses 10, by
it substantially completely filling up the interstices between
the lenses 10. With such a coating, the focal plane of the
microlenses 10 1s significantly shifted, or there 1s no proper
focusing at all, as depicted 1n FIG. 3. In any case, it 1s not
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possible to obtain a sharp imaging of the micromotit ele-
ments 4. In FIG. 3, this 1s indicated by parallel light beams
being depicted with dashed lines, but no focusing beams
being depicted.

Departing from the prior art, however, 1n the present
invention the provision of a functional coating does not lead
to an unsharp or hardly recognizable imaging, as the fol-
lowing Figures will show.

In FIG. 4 there 1s shown, schematically and in cross
section, a micro-optic representation arrangement 3 which
images micromotil elements 4. There are respectively des-
ignated only those parts of the representation arrangement 3
that are essential for explaining the method according to the
invention. The viewing arrangement 1 consists of a carrier
30 and microfocusing elements (lenses) 10. The lenses 10
are arranged 1n a grid, and each lens has a curved surface
with a vertex 11 on the top and a basis 12, 1.e. a circumier-
ential edge 12, at the bottom. “On the top” refers here to the
places of the lenses which are situated closest to a viewer
upon viewing the representation arrangement, and “at the
bottom” refers to the places of the lenses situated the furthest
remote from a viewer. Between neighboring lenses there are
respectively located interstices 14, which should be as small
as possible to guarantee a good 1imaging quality. As depicted
by the dashed lines, the lenses 10 focus 1n a focal plane 1n
which there 1s located the microstructure arrangement 2
having the microstructure elements 4. The representation
arrangement 3 has no functional coating. If 1t would be
equipped with such a coating, the focal plane of the lenses
10 would be shifted and no longer lie 1n the plane of the
microstructure arrangement 2, with the result that the micro-
structure elements 4 would no longer be 1imaged sharply.
According to the ivention, there 1s now manufactured a
micro-optic representation arrangement as in FIG. 4, the
lenses 10 being coated, however, with a functional coating.

For manufacturing the representation arrangement
according to the invention, one starts out from a grid-shaped
arrangement of microfocusing-elements preforms, as they
are depicted for example 1n FIG. 5. For a better illustration
of the preform’s focusing properties present in the embodi-
ment example, there 1s also depicted the microstructure
arrangement 2 with the microstructure elements 4 to be
imaged, but 1t 1s, of course, also possible to first manufacture
merely a viewing device 1 and to then later combine this
with a microstructure arrangement 2 into the representation
arrangement 3. The grnd arrangement of the preforms 15 1s
the same as the grid arrangement of the later lenses 10, 1.¢.
the grid has the same symmetry, and the preforms 135 are
located at the same positions as the later lenses 10. The
preforms 15, however, significantly differ from the lenses 10
with respect to their local radii of curvature, 1.e. in the shown
embodiment example they are substantially spherical with
small, approximately identical radii of curvature at the
vertex 16 and at the basis 17. Furthermore, the interstices 18
between neighboring preforms are significantly larger than
the interstices 14 between the microlenses 10. The preforms
15 have focal points that lie 1n a focal plane F (indicated with
dashed lines), the focal plane F not lying 1n the plane of the
microstructure arrangement 2. Rather, the focal distances of
the lens preforms 15 are significantly shorter than the focal
distances of the lenses 10, which 1s why the microstructure
clements 4 cannot be clearly imaged. Alternatively, the
preforms can also be formed by elements that do not have a
focusing eil

ect.

An arrangement as it 1s shown 1n FIG. 5, according to the
invention serves as an initial product for manufacturing a
sharply focusing representation arrangement with functional
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coating, as it 1s depicted i FIG. 6. It 1s evident that the
representation arrangement 3 illustrated in FIG. 6 insofar
corresponds to the arrangement of FIG. 5 as 1t also possesses
lens preforms 15 on a carnier 30 and a microstructure
arrangement 2 with microstructure elements 4. In the rep-
resentation arrangement of the invention, however, the lens
preforms 15 only constitute base bodies that serve as con-
struction aid for manufacturing the actual lenses.

For manufacturing the actual lenses, a functional coating,
for example a dirt-repellent coating or an adhesive layer, 1s
applied onto the grid arrangement of the base bodies 15 and,
depending on the type of the coating, for example UV-cured
or simply dried, supported, where applicable, by heating.
The coating supplements the base body 15 into finished
lenses 10, 1.e. 1t forms lens supplementary-bodies 20. The
form of the supplementary bodies 20 i1s dependent on the
type and viscosity of the coating material and, where appli-
cable, on the application conditions. For example, a rise 1n
temperature upon the application typically leads to a
decrease of the viscosity of the coating material. In the
embodiment 1llustrated in FIG. 6, a coating material of
comparatively low viscosity was employed. The coating
material has tflown to a very large extent into the interstices
18 between the base bodies 15, while at the vertices 16 of the
preforms 15 there 1s almost no coating material. To the
composite lenses formed from the base bodies 15 and the
supplementary bodies 20 there can be allocated a larger
radius of curvature than to the base bodies 15. The com-
posite lenses are thus, compared to the base bodies, signifi-
cantly flattened, which leads to a significantly longer focal
distance, compared to the base forms 15. The composite
lenses now focus 1n the plane of the microstructure arrange-
ment 2 having the microstructure elements 4. Furthermore,
by the partial filling of the interstices 18 between the base
bodies 15 through the supplementary bodies 20, the inter-
stices 23 between neighboring composite lenses are rela-
tively small, 1.e. the grid arrangement of the composite
lenses has a good area-coverage. Therefore, the viewing
arrangement 1 with the composite lenses leads to a sharp and
high-contrast imaging of the microstructure elements 4.

For manufacturing lens structures for micro-optic viewing,
arrangements, also such methods are widely spread 1n which
at first cylinder structures are manufactured from a photo-
resist material, and these cylinder structures are subse-
quently melted. The manufacturing of the cylinder structures
1s eflected in per se known manner by a suitably structured
covering of a photoresist material on a carrier, exposing and
developing, after the developing there remaining cylinder
structures. Such an arrangement 1s depicted 1n FIG. 7A. The
cylinder structures 23 are arranged on a carrier 1 a gnd
arrangement, respectively with interstices 26 between neigh-
boring cylinder structures 235. The grid symmetry and the
positions of the cylinder structures 23 1n the grid correspond
to the grid symmetry of the composite-body lens grid to be
manufactured or to the positions of the composite-body
lenses, which are to be manufactured, in the composite-body
lens grid. Through melting the cylinder structures 23, small
droplets with spherical surface are formed, which after
cooling yield spherical lenses. In this way, there 1s formed a
orid of base-body lenses 15, as 1t 1s depicted in FIG. 7B.
Such a grid of base-body lenses 15 can also be produced 1n
that the base-body lens grid manufactured according to the
above method 1s electroformed and with the embossing
master obtained therefrom corresponding base-body lenses
are embossed for example into thermoplastic lacquer.

This grid of base-body lenses corresponds to the grid
depicted 1n FIG. 5, as 1t can be obtained for example by
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embossing into thermoplastic or radiation-curing lacquer.
Since the base bodies 15 at the basis 17 have a larger
diameter than their preforms, the cylinders 25, the interstices
18 between the base bodies 15 are smaller than the inter-
stices 26 between the cylinders 25. This has to be taken 1nto
account upon the manufacturing of the cylindrical base-body
preforms 25. Nevertheless, the interstices 18 must be rela-
tively large in order to prevent a tlowing together of the
droplets of molten resist material, and furthermore, 1n this
way, only spherical lenses can be obtained. The relatively
large 1nterstices as well as the spherical shape of the lenses
are disadvantageous, because these lead to imagings that are
less sharp and poorer in contrast than grid arrangements with
high area-coverage and with aspherical lenses. Here, the
present invention provides the possibility to not only adjust
the focal lengths of the lenses, but also to improve their
imaging properties in targeted fashion. This 1s shown by a
direct comparison of the FIGS. 7B and 7C.

The viewing arrangement 1 depicted in FIG. 7C shows the
orid arrangement of the base bodies 15 of FIG. 7B after the
coating with a functional coating, 1.e. aiter the manufactur-
ing of the supplementary bodies 20. The interstices between
neighboring composite-body lenses as well as their radin of
curvature are now determined by the interstices between the
supplementary bodies and the radin of curvature of the
supplementary bodies. The interstices 23 between neighbor-
ing supplementary bodies (and thus between neighboring
composite-body lenses) are significantly smaller than the
interstices 18 between neighboring base bodies 15, and the
radin of curvature at the vertices 21 of the supplementary
bodies were only slightly enlarged compared to the radi1 of
curvature at the vertices 16 of the base bodies, whereas the
radi1 of curvature at the basis 22 of the supplementary bodies
(and thus the composite-body lenses) were greatly enlarged
compared to the radi1 of curvature at the basis 17 of the base
bodies. The composite-body lenses therefore have an advan-
tageous aspherical shape.

FIG. 7D shows the viewing arrangement 1 depicted 1n
FIG. 7C 1n a plan view. As to be seen, there are hardly any
interstices between the composite-body lenses 10, which
leads to very good imaging properties of the viewing
arrangement 1.

In the FIGS. 6 and 7C there are respectively depicted base
bodies 15 with 1dentical dimensions. Furthermore, there are
depicted supplementary bodies 20 which extend over the
entire grid arrangement and consist of only a single layer. It
1s also possible, however, to employ grid arrangements with
differently designed base bodies, and to construct supple-
mentary bodies from two or more layers. These layers can be
identical or different and extend over the entire arrangement
or respectively only over partial regions of the arrangement.
Likewise, 1t 1s possible to manufacture only a partial region
of a viewing arrangement in the way according to the
invention, and to equip a different partial region from the
start with lenses of the correct focal length. In terms of the
method, 1t 1s easier, and therefore preferred, to equip a
viewing arrangement over its entire area with identical base
bodies 15, and to perform the coatings over the tull area, too.

FIG. 8 shows a bank note 5' with a representation arrange-
ment 3 according to the invention i1n cross section. The
representation arrangement 3 consists of the viewing
arrangement 1 with composite-body lenses made of base
bodies 15 and supplementary bodies 20, and the microstruc-
ture arrangement 2 with microstructure elements 4. The
representation arrangement 3 1s bonded by means of an
adhesive layer 33 to a carrier layer 31 made of paper. The
supplementary bodies 20 are formed in this case by a
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heat-sealable adhesive layer with the aid of which a plastic
laminating foi1l 32 1s laminated on. Belore the plastic foil 1s
laminated on, the composite-body lenses do not yet focus 1n
the plane of the microstructure elements 4. The composite-
body lenses only obtain their correct form having the desired
target focal length through the melting and flowing of the
adhesive upon the lamination of the plastic fo1l 32, followed
by the solidification of the adhesive layer mto the supple-
mentary body 20.

FIG. 9 shows a window security thread 6 incorporated
into a bank note. The security thread of the shown embodi-
ment consists of merely the representation arrangement 3.
This representation arrangement 1s bonded by means of the
adhesive layer 33 to the bank note paper 31. On the upper
side of the representation arrangement 3, 1.e. on the side of
the lenses, the security thread 1s partly covered by window
bars 34, and partly 1t 1s visible 1n window areas 7. In the
depicted embodiment, the composite-body lenses have
supplementary bodies 20 made of a functional coating that
has dirt-repellent as well as bonding properties, for example
made of a polyamide. Before the incorporation into the bank
note, the microlenses do not yet focus in the plane of the
microstructure elements 4, they thus provide no sharp rep-
resentation. Only through the rise in temperature upon the
bonding to the window bars 34, the supplementary bodies 20
obtain their final form, and thus the composite-body lenses
their final focal length. They then provide a sharp 1maging
of the microstructure elements 4.

FIG. 10 shows a representation arrangement with two
microstructure arrangements 2, 2'. The microstructure
arrangements 2, 2' have microstructure elements 4, 4', and
the sharp imaging thereof requires microlenses with differ-
ent focal lengths. According to the invention, on a carrier
material there can be simultaneously formed two diflerent
viewing arrangements 1, 1' with lenses that focus 1n a focal
plane F1 and with lenses that focus in a focal plane F2 by
starting out from diflerent base bodies 135, 15' and/or forming
different supplementary bodies 20, 20'. In the depicted
embodiment, the composite-body lenses of the viewing
arrangement 1 focus in the plane of the microstructure
arrangement 2, and the composite-body lenses of the view-
ing arrangement 1' focus in the plane of the microstructure
arrangement 2'.

The 1nvention claimed 1s:

1. A method for manufacturing a micro-optic viewing
arrangement having a plurality of microfocusing elements
that each comprise a base body and a supplementary body,
have a specified target focal length and are arranged 1n a
viewing grid, comprising the following steps:

manufacturing a base-body grid comprising a grid-shaped

arrangement of base bodies in the form of microfocus-
ing-clement preforms and interstices between neigh-
boring base bodies, and

forming supplementary bodies on the base-body grid, or

at least on a partial region of the base-body grid, which
partial region extends over several base bodies, by
coating the base-body grid or the partial region of the
base-body grid with at least one coating, wherein the
supplementary bodies supplement the base bodies 1nto
the microfocusing elements having the specified target
focal length,

wherein the supplementary bodies cover the base-body

orid or the partial region of the base-body grid com-
pletely or substantially completely,

wherein each of the base bodies has a curved surface with

a vertex on a top and a basis at a bottom, wherein all
points on the curved surface are assigned local radi1 of
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curvature that can be identical or different, and the at
least one coating supplements the base bodies such that
the microfocusing elements have, at least 1n a region of

the vertex, larger local radi1 of curvature than the base
bodies,

wherein the at least one coating 1s an adhesive coating
and/or a protective coating, and wherein the formation
of the supplementary bodies 1s eflected by applying at
least two coatings, which can be 1dentical or different,
wherein the at least two coatings are applied onto
identical or diflerent regions of the base-body grid.

2. The method according to claim 1, wherein the base
bodies have a focusing eflect and are present with a focal
length that differs from the specified target focal length.

3. The method according to claim 1, wherein for the
formation of the supplementary bodies, at least one of the at
least one coating 1s deformed, thereby the microfocusing
clements obtaining the specified target focal length.

4. The method according to claim 1, wherein the manu-
facturing of the base-body grid further comprises

embossing the base bodies into a thermoplastic foil or 1into

a foil coated with a radiation-curing lacquer with
following 1rradiation, or

producing cylindrical base-body preforms of a photoresist

material and subsequently melting the cylindrical base-
body preforms into spherical base bodies.

5. The method according to claim 1, wherein the at least
one coating 1s a dirt repellent coating.

6. The method according to claim 1, wherein the at least
one coating 1s a heat-sealable coating.

7. The method according to claim 1, wherein the at least
one coating includes fluorescent substances.

8. The method according to claim 1, wherein the at least
one coating 1s both a dirt repellent coating and a heat-
sealable coating.

9. A micro-optic viewing arrangement comprising a plu-
rality of microfocusing elements that have a specified target
focal length and form a viewing grid, wherein the plurality
of microfocusing elements have base bodies and supple-
mentary bodies, wherein

the base bodies are microfocusing-element preforms,

which are arranged 1n a base-body grid, and
the supplementary bodies comprise at least one coating of
the base-body grid or of at least a partial region of the
base-body grid, which partial region extends over sev-
cral base bodies and interstices between neighboring
base bodies, which supplementary bodies supplement
the base bodies mnto the plurality of microfocusing
clements having the specified target focal length, and

wherein the supplementary bodies cover the base-body
orid or the partial region of the base-body grid com-
pletely or substantially completely,

wherein each base body has a curved surface with a vertex

on a top and a basis at a bottom, wherein all points on
the curved surface are assigned local radi1 of curvature
that can be 1dentical or different, wherein the base
bodies are arranged in the base-body grid with the
interstices between neighboring base bodies, and the at
least one coating supplements the base bodies such that
the plurality of microfocusing elements have, at least in
a region of the vertex, larger local radn of curvature
than the base bodies,

wherein the at least one coating 1s an adhesive coating

and/or a protective coating, and wherein the formation
of the supplementary bodies 1s eflected by applying at
least two coatings, which can be 1dentical or different,
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wherein the at least two coatings are applied onto
identical or diflerent regions of the base-body grid.

10. The micro-optic viewing arrangement according to
claim 9, wherein the base bodies have a focusing effect and
are present with a focal length that differs from the specified
target focal length.

11. The micro-optic viewing arrangement according to
claim 9, wherein the at least one coating 1s a functional
coating.

12. The micro-optic viewing arrangement according to
claim 9, wherein the micro-optic viewing arrangement has at
least two different microfocusing elements, which differ in
that they have different base bodies and/or different supple-
mentary bodies.

13. A micro-optic representation arrangement comprising
the micro-optic viewing arrangement of claim 9, a micro-
structure arrangement having a plurality of microstructure
clements that form a microstructure grid, wherein the micro-
structure arrangement can be viewed through the micro-
optic viewing arrangement.

14. The micro-optic representation arrangement accord-
ing to claam 13, wherein the micro-optic representation
arrangement comprises a moire magnification arrangement
or a modulo magnification arrangement.

15. A secunity element for securing the authenticity of a
data carrier, comprising the micro-optic viewing arrange-
ment according to claim 9.

16. A method for manufacturing a data carrier, wherein

the data carrier comprises the security element according to
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claim 15, and the supplementary bodies are completed by
application of at least one coating onto the data carrier, or the
supplementary bodies are deformed 1n order to produce the
specified target focal length of the plurality of microfocusing
clements.

17. A data carrier, comprising the micro-optic viewing
arrangement according to claim 9.

18. A micro-optic viewing arrangement comprising a
plurality of microfocusing elements that have a specified
target focal length and form a viewing grnid, wherein the
plurality of microfocusing elements have base bodies and
supplementary bodies, wherein the base bodies are micro-
focusing-element preforms, which are arranged 1n a base-
body grid, and the supplementary bodies comprise at least
one coating of the base-body grid or of at least a partial
region of the base-body grid, which partial region extends
over several base bodies and interstices between neighbor-
ing base bodies, which supplementary bodies supplement
the base bodies into the plurality of microfocusing elements
having the specified target focal length, and wherein the

supplementary bodies cover the base-body grid or the partial
region of the base-body grid completely or substantially
completely, and wherein the supplementary bodies are con-
structed of at least two coatings, wherein the at least two
coatings can be 1dentical or different and are distributed on
the base-body grid in similar or different fashion.
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